Introduction {#sec1-1}
============

Neuroendocrine neoplasm (NEN) is a rare tumor arising from Kultchitzky cells or enterochromaffin cells present in the bronchial mucosa which is considered a part of the diffuse neuroendocrine system.\[[@ref1][@ref2][@ref3]\] The first description of neuroendocrine tumors (NETs) was given in 1904 by Siegfried Oberndorfer.\[[@ref4]\] These tumors can be present throughout the body. The most common site is small intestine (30.4%) followed by lung (29.8%).\[[@ref5]\] The extrapulmonary neuroendocrine carcinoma (EPNEC) occurs commonly in the esophagus, pancreas, periampullary region, and large bowel the grading system proposed by the World Health Organization classify NEN into three grades.\[[@ref6]\] The neuroendocrine tumor (NET; G1) have a mitotic count of \<2/10 high-power fields (HPF) and/or a Ki67 index of ≤2%. NET grade 2 has a mitotic count 2--10 per 10 HPF and/or a Ki67 index between 3% and 20%. The NEC which is grade 3 has a mitotic count of more than 20/10 HPF and/or a Ki67 index \>20%.\[[@ref6]\] The definition for lung and thymic NEN varies slightly with the cutoff for mitosis per 10 HPF being \<2, 2--10, and \>10 for low-, intermediate-, and high-grade neoplasm, respectively. The grade 3 NEC represents a poorly differentiated neoplasm previously classified as small cell carcinoma or poorly differentiated NEC (PDNEC). The incidence of NEC is rising mainly because of improved and precise pathological classification.

In comparison to NET, the PDNECs have an aggressive course and poor outcomes. Most of NEC patients present at an advanced stage with poor performance status and cannot be dealt with a curative surgery.\[[@ref7][@ref8]\] Without chemotherapy, the median survival is dismal being only one month.\[[@ref9]\] Similar to extensive stage small cell lung cancer, platinum with etoposide (EP) regimen has been the standard therapy for advanced NECs.\[[@ref9][@ref10]\] Other therapeutic options for NECs include capecitabine, streptozotocin, 5-fluorouracil, doxorubicin, and temozolomide.\[[@ref11][@ref12][@ref13][@ref14]\]

We herein studied the clinicopathological profile and the treatment outcome of patients with advanced NECs from a single institution in South India.

Methods {#sec1-2}
=======

It was a retrospective observational study of patients diagnosed with advanced NEC at the Department of Medical Oncology, Kidwai Cancer Institute. The study was done from January 2014 to December 2016. Those diagnosed with metastatic NEC of any site were evaluated for clinical and pathological characteristics. For diagnosis of NEC, immunohistochemistry report of synaptophysin, chromogranin positivity, and Ki67% value of more than 20% (for lung tumor, Ki67 \>10%) were required. The response to treatment was observed according to the RECIST 1.1. Overall survival (OS) analysis was done using the Kaplan--Meier method. The association of different variables was analyzed using the log-rank test. Multivariate analysis was done to test the correlation of different factors (age, sex, lactate dehydrogenase \[LDH\], and Ki67%) with survival. SPSS software, version 23.0 was used for all statistical analysis.

Results {#sec1-3}
=======

Over a time period of 3 years, 147 patients with NEC were seen in the department of medical oncology. Out of these, 126 patients were metastatic disease. Twelve patients among these patients did not receive any chemotherapy in view of poor performance status. The clinicopathological profile and the survival analysis were done for 114 patients who satisfied the selection criteria.

Patient characteristics {#sec2-1}
-----------------------

The median age at diagnosis was 55 years (range, 15--78 years). A male preponderance was seen with a male to female ratio being 1.4:1. Gastrointestinal and hepatobiliary tract taken together was the most common site seen in 38 (33%) patients. Lung was the second most common site seen in 26%, followed by head and neck region (14%) and genitourinary tract (GUT) (14%). Three patients had breast as the primary site whereas one had bone-only disease. The most common site of metastasis was liver seen in 65% of patients. This was followed by bone and lung with the incidence being 54% and 42%, respectively. Other sites of metastasis included peritoneal cavity, brain, and ovaries. The clinical characteristics have been included in [Table 1](#T1){ref-type="table"}.
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Treatment outcomes {#sec2-2}
------------------

All patients included in the study received chemotherapy in the form of platinum agents (cisplatin or carboplatin) in combination with etoposide (EP). Patients having bony metastasis also received zoledronic acid along with EP regimen. Partial response was documented in 23.68%, stable disease in 50.87% whereas progressive disease was seen in 25.43% of the patients. None of our patients showed a complete response to the EP chemotherapy. The response rate was better in patients with EPNEC when compared to PNEC, although it was statistically not significant (PR = 27.4 vs. 13.3, *P* = 0.093). The median OS of all 114 patients was 11 months\[[Figure 1](#F1){ref-type="fig"}\]. According to the primary site, the median OS was 12 months for GIT, 8 months for lung, 13 months for head and neck, 12 months for GUT, and 10 months for the unknown primary. The survival of PNEC was significantly lower than EPNEC (8 vs. 13 months; *P* = 0.003; [Figure 2](#F2){ref-type="fig"}). There was a significant difference in survival based on the level of Ki67% expression. Those with Ki67 \>55% had poor outcomes when compared to those having \<55% (9 vs. 14 months; *P* = 0.008). In our study, the elevated LDH level was not associated with poor outcomes. There was also no significant association of survival with age and sex \[[Table 2](#T2){ref-type="table"}\].
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Multivariate Cox regression analysis for survival
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Discussion {#sec1-4}
==========

The NEN arises from the cells throughout the neuroendocrine system present diffusely in the body.\[[@ref1][@ref2][@ref3]\] There is a significant increase in the incidence and prevalence of this tumor.\[[@ref15]\] The reason for this increase could be the improvement in classification as well as a better diagnostic approach. The most common site of NEN arising from foregut is bronchus (15%). Stomach, pancreas, jejunum/ileum, and appendix are the common sites in the midgut all of which contribute around 15% each. In the hindgut, rectum is the common site representing 10% of all NEN.\[[@ref16]\] In our study, the system most commonly involved system was GIT followed by respiratory and genitourinary. Lung was the most common primary site of disease seen in 26% of patients. The pattern of metastasis in the present study was similar to that reported in most of the studies.\[[@ref17][@ref18]\] The only exception was that bony metastasis, which was higher in the present study and seen in 54% the patients.

The standard treatment of patients of NEC remains platinum-based agent along with EP. This is mostly extrapolated from the results of small cell lung cancer data and major prospective studies in NEC patients are lacking. The treatment outcomes of NEC remain poor. Studies have shown an objective response rate of 27.7%--73% and a median survival ranging from 5.1 to 16.5 months in metastatic PNEC.\[[@ref19][@ref20][@ref21][@ref22][@ref23]\] In comparison to PNEC, the outcomes of metastatic EPNEC has been slightly better with a response rate around 30% and a median survival of 3.5--22 months.\[[@ref25][@ref26][@ref27][@ref28]\] In the present study, 23.7% of all patients showed a partial response whereas stable disease was seen in 50.9%.

Progressive disease was documented in 25.4% of all patients. The response rate was slightly less than Western data which may be due to a different population and biological nature of the disease. The median OS of all patients was 11 months. There was a significant difference in the median OS of metastatic PNEC and EPNEC (8 vs. 13 months; *P* = 0.003).

Studies have shown an association of the different variable with the survival in patients of NEC, the strongest and consistent association being with Ki67% level (≤55% or \>55%).\[[@ref25][@ref27][@ref28]\] In the present study as well, the association of Ki67% with survival was found to be statistically significant (*P* = 0.007). Other variables like age (\<60 or \>60 years), sex (male vs. female) and LDH value (normal vs. elevated) did not show any significant association with treatment outcomes.

Although there have been advances in the treatment of NET the outcomes of high-grade metastatic NEC remains dismal.

Conclusion {#sec1-5}
==========

NEC is a rare tumor group with poor prognosis. Metastatic NEC of the lung has a worse outcome than metastatic EPNEC. The standard treatment remains platinum in combination with EP which provides a modest survival benefit. There was a definite association of Ki67 level with the outcome of disease while LDH did not seem to have any prognostic implication in our study. There is a need for further studies with other chemotherapeutic and novel agents for achieving better treatment outcomes.
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